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Abstract
Background and Objective: Brachiaria, a warm season C4 grass, is rapidly gaining popularity as fodder crop in Africa where it is also used
as a component of a habitat management strategy for maize stem borers. However, increasing drought limits productivity of this grass
species. The aim of this study was to evaluate and select high yielding brachiaria genotypes under simulated drought conditions.
Materials and Methods: The morphological and physiological performance of 18 apomictic accessions of brachiaria in simulated drought
conditions in a screen house were evaluated. Plants were exposed to different watering regimes. Well-watered (control) plants were
watered every 48 h to 100% field capacity while drought was simulated by suspending watering for 14 and 28 days, representing
moderate and severe drought conditions, respectively. Shoot length, leaf length and width, number of tillers, leaf relative water content,
chlorophyll content and above ground biomass were studied. Result: Water stress had negative effects on the morphological and
physiological traits, with the effects being more pronounced under severe drought stress. Based on the drought stress index (DSI) values
for the measured parameters and Principal Component of Analysis (PCA) biplots, the following accessions were least affected under severe
drought stress: ‘Xaraes’, ‘Piata’, ‘Marandu’, ‘CIAT 679’, ‘Mulato II’ and ‘Mulato I’. Conclusion: Under increasing drought conditions, biomass
yield was an accurate predictor of drought tolerance of the genotypes. ‘Piata’ and ‘Xaraes’ combined both drought tolerance and biomass
yield. These two accessions were proposed as of value in improvement of the sustainability of cereal-livestock farming systems under
conditions of increasing aridification.
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INTRODUCTION
Drought poses one of the most important environmental
constraints to plant growth and productivity1,2. Plants primarily
respond to drought by arresting growth. This reduces
metabolic demands and mobilizes metabolites for the
synthesis of protective compounds3,4. In some plants,
exposure to drought stress leads to changes in carbon
partitioning between the source and the sink, resulting in
reduced photosynthesis and an associated decrease in
chlorophyll content5-7. Numerous metabolic and physiological
processes within the plant are also affected8. For cultivated
plants, tolerance to drought is generally considered as the
potential of a species or variety to yield more in comparison to
others under limited water conditions2. Drought tolerance is
a  highly  complex  trait  that  involves  multiple  genetic,
morphological, physiological and biochemical mechanisms9,10.
Brachiaria  spp. are perennial C4 plants, native to Africa11.
There are more than 14 species in the world, mostly tetraploid
(2n = 4x = 36) and apomictic. Their progenies are uniform,
produce high dry matter and persist on poor acid soils12,13.
They  form natural constituents of grasslands in eastern,
central and southern Africa14,15. These grasses also play an
important role in cultivated pastures in tropical America16,
South-east Asia17 and East Africa15,18. In addition to its use as a
forage crop, B. brizantha  cv Mulato II, henceforth referred to
as ‘Mulato II’, has gained large uptake in East Africa where the
grass has been incorporated as a trap plant in the ‘push-pull’
pest  management  system19,20.  This  system  was  developed
for management of cereal stem borers by exploiting
behaviour-modifying stimuli to manipulate pest and natural
enemy behavior and reduce pest infestations21-24.
According to Guenni et al.25,  most Brachiaria  spp.
respond  to  induced  mild  drought  conditions  through
adjusted growth and biomass allocation, leaving the total
plant yield relatively unaffected. In previous studies, ‘Mulato II’
has  been observed to tolerate extended periods of drought
of up to three months with limited water availability and
temperatures of 30EC and higher26. Their apomictic nature
enables brachiaria to produce seeds which are true to type
and can colonize a wide range of habitats27. This phenomenon
preserves  the  vigor  of  the  plant  across  environments.  Such
C4   plants   possess   greater   competitive   ability   than   their
C3 counterparts under dry and high irradiance conditions such
as those that are common in tropical grasslands and
savannas28-30. This competitive advantage is brought about by
the ability of C4 species to maintain greater photosynthetic
rates per unit of water loss than C3 species30,31. Nevertheless,
water  availability still dictates the maximum yields achieved
by C4 plants such as brachiaria.
The purpose of this study was to provide an
understanding  of  the  morphological  and  physiological
responses of different brachiaria accessions to different
drought stress regimes. The aim of the study was to identify
putative drought tolerant brachiaria  genotypes for utilization
in specifically improving cereal-livestock productivity through
management of stem borers amid the increasing threat of
climate change.
MATERIALS AND METHODS
Plant  materials:  Seeds  of  brachiaria  plants  were  sourced
from International Center for Tropical Agriculture (CIAT),
Columbia  and  International  Livestock  Research Institute
(ILRI), Ethiopia. These accessions were grown in an on-station
nursery at the International Center of Insect Physiology and 
Ecology-Thomas  Odhiambo  Campus  (ITOC),  Mbita  Point
(0E25 S, 34E12 E, 1200 m above sea level) in western Kenya for
observation and pre-selection of candidate accessions.
Eighteen accessions were selected for further evaluation
based on desirable agronomic performance. These accessions
were Brachiaria  decumbens  cv Basilisk, B.  brizantha  cv
Cayman,   B.   brizantha   cv   Marandu,   B.   brizantha    cv
Piata,  B.   brizantha   cv   Xaraes,   B.   brizantha   cv   Mulato   II,
B. brizantha  cv Mulato I, B.  brizantha  (ILRI 11553), B. brizantha
(ILRI 12991), B. brizantha (ILRI 12995), B. brizantha  (ILRI 13344),
B. brizantha  (13368), B. brizantha  (13648), B. humidicola 
(CIAT 679), B. brizantha  (ILRI 13497), B. brizantha  (ILRI 13810),
B. brizantha  (ILRI 13545) and B. brizantha  (ILRI 14807). The
commercial hybrid, ‘Mulato II’ was included as control
treatment due to its previous use as a trap crop in a ‘push-pull’
strategy and due to the fact that it had been reported to
produce comparatively high fodder yield under conditions of
drought stress19,24.
Experimental site and procedure: The experiment was
conducted in a screen house at ITOC in the year  2016. Over
the period during which the experiment was conducted,
mean minimum and maximum daily temperatures in the
screen house were 18 and 35EC, respectively. The soil used in
the experiment was well drained alluvial and sandy loam
classified as Chronic Vertisols32. Before planting, field capacity
of potting soils was determined as described by Somasegaran
and Hoben33.
The different accessions were planted in plastic bags
measuring 60 cm deep and 26 cm wide with holes at the
bottom.  Bags  were  filled  with  fine  air-dried  soil  leaving  a
space  of  5  cm  from  the  top.  The  bags  were  then  placed 
on  30   cm  high  benches  covered  with  metallic  mesh.  The
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plastic bags provided a plant biomass to pot volume ratio of
less than 2 kg mS3 as recommended by Poorter et al.34. This is
crucial in minimizing both the risks of having reduced plant
growth which may influence the relative differences between
treatments. The experimental setup followed a complete
randomized design (CRD) in a factorial arrangement (3×18)
with three replicates.
Five seeds were planted in each bag and later thinned to
two plants per pot when most of the seedlings had four
expanded leaves. Watering was done by adding 244 mL of
water to all plant bags every 48 h, to restore the soil moisture
to 100% field capacity until the commencement of the water
restriction period. At three weeks after planting (WAP), the
plants were top dressed with 60 kg N haG1 in the form of
Calcium Ammonium Nitrate (CAN). Leaves of plants were also
trimmed to standardize their heights at 10 cm. Application of
the different watering treatments commenced 25 days after
trimming.  There  were  three  treatments:  Well-watered
control, moderate drought stress and severe drought stress.
The bags in the control group (without water restriction)
continued to receive water to 100% field capacity, every 48 h
throughout  the  experiment,  while  watering  was  not  done
for a period of 14 and 28 days for the moderate and severely
stressed treatments, respectively.
Data collection: Data were collected 14 and 28 days after
water restriction commenced to represent moderate and
severe stress regimes. At each sampling period, one plant was
randomly sampled from both stressed and control plants. The
numbers  of tillers per pot were counted. Shoot length (SL)
was measured from the surface of the soil to the tip of the
youngest fully expanded leaf. Leaf area of the second fully
expanded leaf was measured from the tip to the junction of
the petiole and the width of the leaf at its widest part. Leaf
chlorophyll content was measured by means of a SPAD
chlorophyll  meter  (SPAD-502 Plus, Konica Minolta Sensing
Inc., Japan) and presented as SCMR index values. Ten
measurements  were done on the second fully emerged leaf
of each plant. Leaf relative water content was estimated
following the procedure used by Chen et al.35. The youngest
fully expanded leaf was removed and weighed immediately to
determine fresh weight (FW). Turgid weight (TW) was
determined after leaf segments were immersed in distilled 
water for 6 h and dry weight (DW) was measured after leaf
segments were dried at 70EC in an oven for 24 h. Each
treatment was replicated three times. The relative water
content (RWC) was calculated as follows:
FW DWRWC = 100 
TW DW
 
The  above  ground  dry  biomass  (BM)  was  determined
after  harvesting  all  the  shoots  per  plant  and  drying  it  at
65EC for 48 h.
Statistical analysis: Data were checked for homogeneity of
variance between treatments using Bartlett’s test. A two-way
ANOVA was used to test for treatment differences, genotypic
effects and interactions for each stress regime. Significance of
differences between the genotypes was tested by F-test, while
the treatment means were compared by least significant
differences (LSD) at p = 0.05. Simple correlation coefficients
among traits were determined using mean trait values for
genotypes, following Pearson’s correlation method. These
analyses were performed using R software (Version 3.3.1)36.
Drought Stress Index (DSI) values were used to compare the
responses between individual accessions, based on the
difference between stress treatments and the control plants.
The values were calculated as follows:
Value of trait under stress conditionDSI = 100
Value of trait under control condition

According to Wojcik-Jagla et al.37, this equation removes
the effect of germplasm variation from the drought stress
treatment and can therefore be used to assess a large
collection of germplasm simultaneously. Biplots of principle
components derived from DSI values of each trait were used
to comprehensively identify stress tolerant accessions, i.e.,
those that were least affected by the stress treatments. This
was computed by use of Microsoft XLSTAT software38.
RESULTS
At moderate drought conditions, effects of soil moisture
regimes were significant (p<0.05) for all the traits except shoot
length and tiller numbers. Genotypic effects were significant
for all the traits, while interactions between soil moisture and
genotype was only significant (p<0.05) for relative water
content and plant biomass. There was a general decrease in
mean values of traits between the control and stressed plants
for both stress regimes (Table 1). Genotypic effects were also
more pronounced except for chlorophyll content, while
genotype x treatment effects were only significant (p<0.05) for
number of tillers and relative water content. Exposure to
severe stress resulted in the highest percentage reduction in
relative water content (55.8%) and the lowest percentage
reduction in SPAD readings (13.7%) (Table 1).
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Table 1: Significance of treatment, genotype and genotype-treatment effects for traits in 18 brachiaria accessions grown under moderate and severe drought stress
conditions in a screen house conditions
Average  Minimum Maximum
T G G×T CV ------------------------- ------------------------- ------------------------- Reduction
Traits (df = 1) (df = 17) (df = 17) (%) R2 Stress Control Stress Control Stress Control (%)
Moderate stress
Shoot length (cm) ns ** ns 12.6 83 77.5a 80.6a 35.6 39.9 125.6 136.5 3.8
Leaf surface area (cm2) ** ** ns 18.3 75 55.3a 64.0b 14.5 15.0 100.2 106.5 13.7
Tiller number ns ** ns 20.5 76 9.2a 9.3a 3.0 4.0 17.0 20.0 1.1
SPAD readings ** ** ns 11.8 61 36.0a 38.5b 23.5 27.3 51.0 50.9 6.2
Relative water content ** ** ** 8.4 58 77.0a 81.7b 50.7 61.6 93.8 97.6 5.1
Biomass (g) * ** ** 20.9 86 10.6a 11.6a 2.5 3.1 20.2 25.3 8.6
Severe stress
Shoot length (cm) ** ** ns 11.6 88 83.9a 98.1b 56.2 66.7 154.4 160.7 14.4
Leaf surface area (cm2) ** ** ns 25.1 74 48.7a 61.5b 29.4 35.5 123.2 128.2 20.9
Tiller number ** ** * 23.0 83 10.6a 17.2b 5.0 7.3 17.7 30.7 38.0
SPAD readings ** ns ns 19.1 44 38.6a 44.7b 28.3 34.1 45.6 58.8 13.7
Relative water content ** ** * 17.0 89 34.8a 78.6b 21.6 63.8 57.8 89.3 55.8
Biomass (g) ** ** ns 23.0 79 18.5a 29.7b 9.7 14.7 30.7 41.6 37.8
*Significant at p<0.05, **Significant at p<0.01, Abbreviations: T, treatment, G, genotype, CV, coefficient of variation,  R2, coefficient of determination, ns, non-significant.
Means followed by the same letters within a row are not significantly different (Fisher’s LSD p<0.05)
Morphological  and  physiological  characteristics  of
brachiaria  genotypes:  Mean  values for each measured trait
of the different accessions under the different stress
treatments were presented in Table 2. Under moderate stress,
the shortest shoots were recorded in ‘Mulato II’ (42.8 cm),
‘Mulato I’ (50.9 cm) and ‘Cayman’ (56.5 cm), whereas CIAT 679
recorded  the  longest  shoots  with  111.9  cm,  followed  by
ILRI 11553 (92.7 cm) and ‘Xaraes’ (90.6 cm). The lowest ranking
accessions under severe stress conditions were ILRI 13648
(56.2) and ‘Mulato II’, while CIAT 679 maintained its rank
having the longest shoots (154.4 cm). Although there was a
general decrease in shoot length due to drought stress in
comparison   with  control  plants,  ‘Basilisk’,  CIAT  679  and
ILRI 13545 continued to grow despite the moderate drought
conditions.
Leaf area of all the genotypes was reduced under
conditions of both moderate and severe  stress  (Table 2).
There was a clear variation in leaf area with ‘Xaraes’ having the
largest leaves (100.2 cm²) followed by ‘Piata’ (75.2 cm²) and
ILRI  13810  (71.3 cm²). The smallest leaf areas were recorded
for CIAT 679 (14.5 cm²) and ILRI 14807 (34.6 cm²). Under severe
stress,  ‘Xaraes’  maintained  its  rank  with  a  leaf  area  size  of
123.3  cm²  followed  by  ‘Mulato  II’  (74.7  cm²)  and  ‘Piata’
(72.7 cm²). The smallest leaves were observed in ILRI 13344
(29.4 cm²) and CIAT 679 (30.7 cm²).
The highest number of tillers per plant under moderate
stress conditions was recorded in ILRI 13545 (16.0) (Table 2).
CIAT  679 and ‘Marandu’ had the lowest numbers of 5.0 and
6.0 tillers, respectively. Notably, despite an overall decrease in
the number of tillers under moderate drought stress, 44% of
the   genotypes   displayed   an  increase  in  mean  number  of
tillers   per   plant.   ‘Basilisk’,   ‘Piata’,   ‘Mulato   II,   ILRI   11553,
ILRI  12995,  ILRI  13648,  CIAT  679  and  ILRI  13497  produced
more tillers when exposed to moderate stress than to severe
stress.  However,  growth  under  severe  drought  conditions
for  28  days  resulted  in  reduced  tillering  in  all  accessions.
ILRI 13497 (5.0) and CIAT 679 (6.0) had the lowest number of
tillers while the high-ranking counterparts were ILRI 13368
(17.7), ILRI 13545(16.3) and ‘Mulato II’ (14.7).
Estimated chlorophyll content (SCMR index) was generally
reduced when plants were subjected to moisture stress  (Table 
2).  At  moderate  stress  levels,  the  highest SCMR   index  
values   were   recorded   in   ‘Mulato   I’   (48.7). CIAT 679 had
the lowest SCMR values of 28.3 under moderate stress 
conditions.  Accessions  that  recorded  the  highest SCMR
values under severe water stress were ILRI 14807 (45.6), ‘Piata’
(41.4) and ‘Mulato I’ (41.4), whereas ILRI 13545 (28.3) had the
lowest.
Both  regimes of moisture stress generally reduced the
leaf relative water content (Table 2) of the leaves, but the
levels of reduction varied with the genotypes. Among the
genotypes that recorded high relative water content under
moderate stress were ILRI 13344 (86.0), ILRI 13648 (85.9) and
ILRI 13545 (85.5). On the other hand, ILRI 14807 and ‘Basilisk’
are among those that recorded low relative water content
values of 68.6 and 68.9, respectively.
Severe drought induced a greater level of relative water
content reduction in all the genotypes, with ILRI 13648 (57.8),
ILRI 13497 (49.9), ILRI 13368 (21.5) and ‘Mulato II’ (22.7)
recording the lowest relative water content (Table 2). Among
the  high  biomass  yielders  at  moderate  stress  levels  were
ILRI  13368  (18.1  g),  ILRI  12995  (18.0  g)  and  ‘Piata’  (17.9  g).
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Table 2: Means of traits in control and drought stressed brachiaria plants grown under moderate drought stress and severe drought stress under screen house
conditions
Relative water
Shoot length (cm) Leaf area (cm²) Number of tillers SCMR index content Biomass (g)
----------------------- ----------------------- ---------------------- ---------------------- ----------------------- -----------------------
Accession Control Stress Control Stress Control Stress Control Stress Control Stress Control Stress
Moderate drought stress
Basilisk 59.1 61.0 73.4 66.0 9.3 10.7 36.7 35.5 73.7 68.9 7.5 5.3
Cayman 57.0 56.5 78.6 65.1 7.3 4.3 44.1 40.8 87.5 78.0 12.7 7.3
Marandu 64.0 61.8 78.7 69.2 10.0 6.0 40.3 38.1 77.2 76.4 21.2 12.3
Piata 80.7 79.8 80.3 75.2 7.67 8.0 39.4 39.3 77.8 75.0 14.2 17.9
Xaraes 91.9 90.6 106.5 100.2 10.0 10.0 34.4 33.6 87.3 82.7 14.1 13.8
Mulato II 43.9 42.8 66.6 57.8 10.7 11.0 35.1 33.6 88.2 83.3 16.4 13.0
ILRI 11553 96.5 92.7 53.9 50.7 8.7 11.3 33.4 32.9 81.6 80.2 7.3 15.0
ILRI 12991 92.8 90.2 61.9 44.0 10.7 9.3 37.3 34.3 88.0 85.5 17.6 7.0
ILRI 12995 86.1 82.9 48.9 38.0 9.3 10.3 35.7 33.9 77.1 74.4 14.1 18.0
ILRI 13344 111.8 87.4 72.9 56.9 12.0 10.0 39.1 35.3 86.9 86.0 19.4 14.5
ILRI 13368 86.7 84.5 59.2 50.0 12.0 10.7 36.6 33.0 75.2 73.4 10.9 18.1
ILRI 13648 93.4 82.2 64.2 53.2 6.3 10.0 39.3 35.2 93.6 85.9 6.7 9.9
CIAT 679 109.4 111.9 15.0 14.5 4.3 5.0 31.6 28.3 81.5 70.5 4.0 6.2
ILRI 13497 90.0 78.3 61.3 53.0 6.3 7.0 36.2 34.5 87.0 70.9 6.6 3.7
ILRI 13810 89.2 88.6 80.7 71.3 8.3 8.0 42.0 37.6 80.6 77.6 9.4 5.1
ILRI 13545 68.6 69.6 42.1 37.2 17.3 16.0 39.7 34.6 85.7 85.5 11.2 7.8
ILRI 14807 87.4 83.4 41.3 34.6 8.0 7.7 41.7 40.2 68.6 68.6 9.8 7.1
Mulato I 52.4 50.9 67.0 57.9 10.0 9.7 50.1 48.7 73.3 72.2 6.4 8.7
LSD (5%) 17.5 14.8 20.0 16.3 3.1 3.3 6.9 7.5 10.1 13.2 4.4 3.0
CV (%) 13.1 11.5 18.8 21.6 20.0 21.6 10.8 12.5 7.4 10.2 22.7 17.0
Severe drought stress
Basilisk 97.2 87.5 61.6 49.1 20.3 17.0 38.8 38.8 81.9 30.4 31.3 12.7
Cayman 77.9 67.5 70.1 56.7 18.0 7.0 39.8 39.7 73.9 25.1 27.3 9.7
Marandu 78.8 68.7 61.2 49.4 13.0 9.0 40.6 37.6 77.9 38.9 25.0 13.3
Piata 102.1 94.5 80.8 72.7 10.0 7.0 44.1 41.4 88.7 35.5 38.3 30.7
Xaraes 99.1 89.2 128.2 123.2 17.7 13.7 40.4 36.8 89.3 46.0 41.7 30.0
Mulato II 66.7 57.0 46.9 40.2 19.3 14.7 40.9 39.4 63.8 22.7 33.3 19.7
ILRI 1553 111.2 87.8 50.5 41.0 16.3 12.7 40.0 36.9 77.9 29.6 36.3 22.0
ILRI 12991 108.1 77.9 83.4 36.0 13.3 8.3 54.7 39.9 76.8 37.1 29.7 23.0
ILRI 12995 99.0 86.2 50.0 38.2 23.0 9.0 45.6 40.9 72.2 40.3 25.0 14.3
ILRI 13344 100.6 91.4 46.9 29.4 22.7 14.3 49.0 40.0 83.0 23.0 33.7 19.3
ILRI 13368 116.0 100.1 50.9 34.3 24.7 17.7 44.3 37.9 75.0 21.5 33.7 26.7
ILRI 13648 71.0 56.2 68.7 59.5 9.3 7.0 45.0 34.9 68.4 57.8 16.7 15.3
CIAT 679 160.7 154.4 35.5 30.7 7.3 6.0 34.1 37.0 84.8 36.3 14.7 11.0
ILRI 13497 106.3 93.9 50.5 36.0 17.0 5.0 49.3 39.6 86.1 49.9 33.3 15.0
ILRI 13810 109.1 83.3 60.7 36.5 15.0 11.7 58.7 38.5 86.2 34.9 17.7 11.7
ILRI 13545 77.2 57.2 40.0 35.3 30.7 16.3 51.7 28.3 82.4 30.2 36.3 21.3
ILRI 14807 114.0 97.3 39.5 33.4 17.0 6.0 44.6 45.6 76.0 36.0 30.7 19.7
Mulato I 70.7 60.3 81.7 74.7 14.7 9.3 43.1 41.4 73.6 30.3 30.0 17.3
LSD (5%) 16.7 16.3 27.3 14.9 6.4 4.4 13.1 13.6 13.2 18.9 11.1 7.6
CV (%) 10.3 11.7 27.1 18.5 22.5 25.1 17.7 21.1 10.1 32.7 22.4 24.9
Under severe stress conditions, all the tested genotypes
recorded lower biomass yield compared to their counterparts
under no water stress. Nonetheless, outstanding accessions
with regard to biomass yield under severe drought stress were
‘Piata’  (30.7  g)  and  ‘Xaraes’  (30.0  g),  closely  followed  by
ILRI 13368 (26.7 g).
Correlation  analysis  between  traits:  Under  moderate
stress, the only significant correlation was observed between
SCMR  index  values  (chlorophyll  content)  and  shoot  length
(r = -0.6, p<0.05). Under severe stress, there was a significantly
positive  correlation  between  biomass  yield  and  leaf  area
(r = 0.5, p<0.05) and a significant negative correlation
between relative water content and the number of tillers per
plant (r = -0.6, p<0.05). Correlations between other traits
under both stress regimes were however not significant.
PCA analysis based on drought tolerance indices (DSI)
values:   Principal   component   analysis   (PCA)   based   on
DSI  values  of  the  traits  were  plotted  in  a  Biplot  to  better
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Fig. 1(a-b): Principle  component  analysis  biplot  of  the  drought  stress  index  (DSI)  of  five physiological  and  morphological
traits  of  18  Brachiaria  genotypes  under,  (a)  Well-watered  (control)  vs  moderate  (14  days)  drought  stress  and
(b) Well-watered vs severe (28 days) drought stress. Arrows represent the traits with various length based on the
impact of each trait on the discrimination between genotypes. The 18 Brachiaria grasses were categorized into three
groups. Based on the DSI values, the best performers are in group I (upper right) and intermediates are in group III
(lower right) while the poor performers (group III) are in both the upper and lower left. DSI, drought stress index, BM,
biomass, LA, leaf area, SCMR, SPAD chlorophyll meter index, SL, shoot length, TL, tillers
understand the relationships among the drought stress
indices and the levels of drought tolerance exhibited by
different brachiaria accessions (Fig. 1). The PCA converted the
traits into six different factors and Eigen values. Under
moderate stress, factor 1 accounted for 33.80% of the variation
and showed the largest loading  values,  followed  by  factor 2
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with 23.58%. Under severe drought stress, factor 1 accounted
for 35.86% of the variation while factor 2 accounted for
25.09%.
The relationships between indices are illustrated by
arrows (axis). The cosine of the angle between the vectors of
two indices approximates the correlation coefficients between
them, which reflects on the interrelationships among the
morpho-physiological indices. An acute angle depicts a
positive correlation, while obtuse angle shows a negative
correlation. The projection of the traits from the biplot origin
shows the impact of that trait on separation of the accessions.
The  biplot  of  DSI  traits  under  moderate  stress  (Fig.  1a)
showed no outstanding trait that separated the genotypes.
However, under severe stress (Fig. 1b), biomass yield made the
largest contribution since it had the largest projection. With
regard to genotypic performance under drought conditions,
the 18 brachiaria grasses were categorized into three groups.
The best performers are indicated in group I (Fig. 1b, upper
right quadrant), intermediate performers in group II (Fig. 1b,
lower right quadrant), while the poor performers (group III)
grouped in the upper and lower left quadrants. Under
moderate  stress  conditions,  ILRI  13648,  ILRI  11553  and
‘Mulato I’ emerged as the best performers, while the
performance   of   CIAT   679,   ‘Piata’,   ‘Xaraes’,   ‘Mulato   II’,
ILRI 13497 and ‘Basilisk’ can be described as intermediate.
Under severe drought stress, the best performers were
‘Xaraes’, ‘Piata’, CIAT 679, ‘Marandu’, ‘Mulato II’ and ‘Mulato I’
while the intermediate performers were ILRI 14807, ‘Basilisk’,
ILRI 12995, ILRI 13344 and ‘Cayman’.
DISCUSSION
Drought stress is one of the most important factors that
limit plant growth and reproduction. Although C4 grasses
such as brachiaria show great adaptability to water stress
conditions, water availability is still critical in determining the
productivity of such grasses and wide variability has been
found  in their response to prolonged periods of drought39.
The results of this study showed that drought stress had
marked effects on morphological (shoot length, leaf area,
number of tillers and biomass yield) and physiological (relative
water content and chlorophyll content) characters of
brachiaria grasses. Under moderate drought stress, the
observed reductions in shoot length and number of tillers
were not significant, which implies that even under conditions
of low stress, it is still possible to select drought tolerant
genotypes based on all traits except shoot length and tillering.
Drought stress resulted in a significant reduction in leaf
area, though under moderate drought stress, the reduction  in
leaf area was largely ascribed to leaf rolling. Leaf rolling is a
common symptom of drought stress and is an expression of
leaf turgor and plant water content40. Stomatal opening and
closure responses to evaporative demand (usually higher at
noon) and soil water content, lead to changes in leaf turgor41.
Results  of  this  study  which  indicate  reduced  leaf  area
brought on by drought stress are similar to those reported by
Santos et al.42  for other brachiaria accessions. Leaf expansion
generally  depends  on  leaf  turgor,  temperature  and
assimilating supply for growth. Drought also suppresses leaf
expansion by reducing photosynthesis43. Chlorophyll content
is a sensitive and easily measurable trait that could be used to
screen for stress tolerance among genotypes44. In the present
study, reduction in chlorophyll content due to water stress
was evident. Studies on barley showed that chlorophyll
content was significantly reduced in plants exposed to
drought stress45. Even though crucial plant processes such as
cell division and cell expansion are the earliest to be affected
by water deficit46, degradation of chlorophyll may arise due to
sustained photo-inhibition and photo-bleaching7,47. There
were no effects of the moderate drought on shoot length but
under severe drought, the reduction was significant.
Reduction in shoot growth due to drought stress was also
reported in another brachiaria accession, ‘Marandu’48. This
reduction may be attributed to progressive water stress that
result in reduced plant height which is attributed to a decline
in the cell enlargement49 and other processes such as cell
division and cell expansion45. Leaf relative water content in
drought stressed brachiaria plants declined significantly
compared to values recorded in control plants. Similar findings
from studies with brachiaria have also been reported by
Guenni et al.25. Maintenance of relative water content is
essential in provision of turgor for cell enlargement and
growth in plants4. Therefore, leaf relative water potential may
serve as an indicator of plant water status, as well as the ability
of a plant to maintain adequate water status which improves
drought adaptability by enhancing drought tolerance50,51.
Moreover, emphasis has been put on responsiveness of
relative water content to drought stress and its reliability in
distinguishing drought tolerant and susceptible genotypes44.
Moderate drought stress was not sufficient to affect tillering
since there was no significant difference between the
numbers of tillers of plants under moderate stress and those
of the control. Following severe stress, the number of tillers
were  significantly  reduced.  These  results  confirm  those  of
El-Rawy and Hassan52 who observed a reduced number of
tillers in wheat (Triticum aestivum) in response to drought.
According to De Barros Lima et al.53,  reduced tillering in plants
exposed to water deficit conditions mainly occurs due the  low
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immediate availability of nutrients for growth, because the
nutrients are taken up by plants through the soil water
solution. Plants subjected to drought stress, on the other
hand, showed a significant decrease in above-ground biomass
accumulation. Evidently, the severity of the adverse effects of
drought stress on growth varied among the genotypes. The
notable effect of drought stress on biomass production of
brachiaria has been reported in previous studies which largely
indicate drought stress reduces plant growth in brachiaria
genotypes25,42,48,54.
Because of the large genotypic variability in the studied
traits of brachiaria genotypes in both non-stressed (control)
and drought stressed plants, it is often difficult to assess
drought tolerance of large germplasm collections, based only
on  data  collected  from  drought  stressed  experiments.  The
DSI has therefore been used for example to evaluate the effect
of drought stress on individual germplasm accessions based
on the difference between drought stress treatments and
control plants of switchgrass (Panicum virgatum)55 and
common bean (Phaseolus  vulgaris)56.  This approach removes
the effect of germplasm variation from the drought stress
evaluation and can therefore be used to assess a large
collection of germplasm simultaneously37,55.
The PCA biplots based on DSI values for each parameter
grouped the genotypes and showed the relative contribution
of different parameters in separating the accessions based on
the projection of the traits from the biplot origin. This was
sufficient to evaluate the genotypes taking into consideration
all the traits that were evaluated. This study showed that
biomass yield is a sensitive indicator of drought tolerance
under severe drought stress since it produced the largest
projection.  Under  moderate  stress  conditions,  ILRI  13648,
ILRI 11553 and ‘Mulato I’ emerged as the best performers,
while intermediate performers were CIAT 679, ‘Piata’, ‘Xaraes’,
‘Mulato II’, ILRI 13497 and ‘Basilisk’. Under severe drought
stress, the best performers were ‘Xaraes’, ‘Piata’, CIAT 679,
‘Marandu’, ‘Mulato II’ and ‘Mulato I’, signifying that these
genotypes are more tolerant to drought conditions. Biomass
production can also be used as an accurate discriminator
between drought tolerant and susceptible accessions, with
the two accessions, ‘Piata’ and ‘Xaraes’, ranking the highest
with 30.7 and 30.0 g biomass, respectively, under severe stress
conditions. Despite a very low biomass yield of only 11.0 g,
CIAT 679 was less affected by drought conditions. This is
ascribed to its slow growing nature and high water-use
efficiency that allows it to survive longer under conditions of
prolonged drought25.
CONCLUSION
In conclusion, there was wide variation in drought
tolerance of the brachiaria genotypes examined in this study.
Based on DSI values for the morphological and physiological
parameters and PCA biplots, we conclude that genotypes
‘Xaraes’, ‘Piata’, CIAT 679, ‘Marandu’, ‘Mulato II’ and ‘Mulato I’
were similarly and more drought tolerant under severe
drought stress. ‘Piata’ and ‘Xaraes’ emerged as candidate
genotypes that would suffer lower yield penalties in arid and
semi-arid areas that experience frequent and severe drought
conditions. Their apomictic nature enables that true to type
seeds  are  produced  and  utilized  by  farmers  without  losing
the vigor of the plant. Utilization of these genotypes would
renew confidence in cereal-livestock productivity through
management of stem borers in smallholder farming systems
in sub-Saharan Africa amid the increasing threat of climate
change.
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